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(54) Resin pulley 

(57) A resin pulley was made of a resin material 
wherein an inorganic fiber such as glass fiber, an inor- 
ganic powder such as silica powder, an organic fiber 
such as cotton cloth fiber, and an elastomer are blended 
in a phenol resin. 

Each content of the inorganic f ber, inorganic pow- 
der, organic fiber and elastomer in the above resin 
material is within the following range. 



F I G. 2 



Inorganic fber: 


25-45 % 


by 


weight 


Inorganic powder: 


3-7 % 


by 


weight 


Organic fiber: 


3-7 % 


by 


weight 


Elastomer: 


3-10% 


by 


weight 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a resin pulley which is incorporated into, for example, an engine of automobiles. 

With the progress of miniaturization/lightening and cost reduction of automobile parts, pulleys (e.g. pulley with 
teeth, V-puiley. etc.). which have exclusively been made of a metal, heretofore, have recently been replaced by pulleys 
made of a resin. 

The above resin pulley is that in which a ring resin pulley body is normally fit to the outer surface of a metal boss. 

10 As the above resin pulley body, those which are made of a resin material prepared by blending fillers in a phenol resin 
as a matrix are mainly used. 

However, a resin pulley kxxjy comprising a phenol resin as a matrix (hereinafter referred to as a "resin pulley", 
merely) has a problem that wear formed during the use is heavy in an atmosphere where dust exists and its durability 
is inferior to that of a conventional metal pulley. 

15 The above conventional resin pulley comprising a phenol resin as a matrix has a problem that a crack initiates when 
using in an atmosphere where cooling and heating are repeated because of small thermal shock resistance (TSR). It 
is considered that crack initiation is caused by the following reason. That is. when a tensile strength is improved by 
blending fillers such as glass fiber, carbon fiber, etc. in a phenol resin. Young's modulus increases with the increase of 
this tensile strength. There is a relationship between thermal shock resistance (TSR) and Young's modulus, which is 

20 represented by the following formula (1). When Young's modulus increase, TSR decreases and, therefore, a crack is 
liable to initiate due to a thermal shock. 

TSR = (S'A) / (E-a) (1) 

25 



S: tensile strength 

X : thermal conductivity 

30 E: Young's modulus 

a : linear expansion coefficient 

Regarding the resin pulley, the ring resin pulley body is fit into the metal boss as described above. Therefore, there 
arose a problem that, when using in the atmosphere where heating and cooling are repeated, a stress caused by not 
35 only a heat shock but also a difference in thermal expansion coefficients between the metal boss and resin pulley body 
is applied to the resin pulley kxxjy so that a crack is liable to initiate in the resin pulley body. 

OBJECT AND SUWIMARY OF THE INVENTION 

40 It is a main object of the present invention to provide a resin pulley which is superior in wear resistance and is capa- 
ble of withstanding a thermal shock. 

It is another object of the present invention to provide a resin pulley wherein a crack will hardly initiate when using 
in an atmosphere where heating and cooling are repeated. 

The resin pulley of the present invention is made of a resin material wherein an inorganic fiber, an inorganic powder. 
45 an organic fiber and an elastomer are blended in a phenol resin. 

In the resin pulley of the present invention, the surface hardness can be increased by blending an inorganic filler 
such as inorganic fiber, etc. in a phenol resin. The wear resistance can also be improved by blending the inorganic pow- 
der to modify the surface state. The heat shock resistance can be further improved by blending the organic fiber and 
elastomer to reduce Young's modulus without decreasing the tensile strength. 
50 That is, when the resin pudley is integrated into the engine of the automobile, dust as the cause for wear is mainly 
composed of a silica substance. Therefore, a surface hardness is improved by blending an inorganic filler having the 
same hardness as or hardness higher than that of the silica substance, thereby improving the wear resistance. 

With respect to the surface of a molded material comprising a resin material filled with inorganic fibers, when a 
diameter of dust is smaller than that of the inorganic fiber, dust invades into spaces between the inorganic fibers and 
55 the resin part wears. Accordingly, the wear resistance can be further improved by using an inorganic powder having a 
small particle diameter as the filler. Therefore, it is preferred to use the inorganic powder having a particle size smaller 
than that of the inorganic fiber in the resin pulley of the present invention. 

Since wear due to dust is considered to be a micro-destruction of the surface of the molded article caused by 
extremely local stress concentration, it becomes possible to disperse the stress by adding the elastomer to reduce an 
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elastic modulus. Accordingly, the elastomer is useful for not only improvement in heat shock resistance but also 
improvement in wear resistance. The organic fibers such as cotton cloth fibers also serve to modify the surface state of 
the molded material and to reduce elastic modulus. Accordingly, it is necessary to use the elastomer and organic fiber 
having an elastic modulus smaller than that of the above inorganic fiber and inorganic powder in the present invention. 
5 In the present invention, any one of the novolak type phenol resin and resol type phenol resin may be used, and 

they may be used in combination. 

In one preferred mode, regarding the resin pulley of the present invention, each content of the Inorganic fiber, inor- 
ganic powder, organic fiber and elastomer in the resin material is within the following range. 

10 



inorganic fiber: 


25-45 


% 


by 


weight 


inorganic powder: 


3-7 


% 


by 


weight 


organic fiber: 


3-7 


% 


by 


weight 


elastomer: 


3-10 


% 


by 


weight 



In the resin pulley of the present invention, the wear resistance and heat shock resistance can be certainly 
20 improved by blending the respective components within the above range. 

The reason why the content of the inorganic fiber is within the range from 25 to 45 % is as follows. That is, when 
the content of the inorganic fiber is less than 25 % by weight, the strength becomes small. On the other hand, when the 
content exceeds 45 % by weight the attacking property to the opponent member (e.g. belt, etc.) becomes large and, 
therefore, it is not preferred. 

25 The reason why the content of the inorganic powder is within the range from 3 to 7 % by weight is as follows. That 
is. when the content of the inorganic powder is less than 3 % by weight, it is insufficient to prevent the resin part between 
the inorganic fibers of the surface of the resin pulley from wearing. On the other hand, when the content exceeds 7 % 
by weight, the effect is saturated. 

The reason why the content of the organic fiber is within the range from 3 to 7 % by weight is as follows. That is, 

30 when the content of the organic fiber is less than 3 % by weight, it becomes impossible to efficiently improve the heat 
shock resistance. On the other hand, when the content exceeds 7 % by weight, the strength is lowered. 

The reason why the content of the elastomer is within the range from 3 to 10 % by weight is as follows. That is, 
when the content of the elastomer is less than 3 % by weight, the effect of imparting a flexibility is small. On the other 
hand, when the content exceeds 10 % by weight, the strength is lowered and, therefore, it is not preferred. 

35 In another preferred mode, regarding the resin pulley of the present invention, the above inorganic fiber is a glass 
fiber and the inorganic powder is a silica powder and, further, the organic fiber is a cotton cloth fiber. 

In such way, it becomes possible to efficiently improve the wear resistance and heat shock resistance by using the 
material wherein the above respective components are blended in the phenol resin, thereby making the present inven- 
tion more effective. 

40 It is preferred that the above elastomer is at least one sort selected from the group consisting of nitrile rubber, sty- 
rene-butadiene rubber, chloroprene rubber and ethylene-propylene rubber. 

It becomes possible to certainly reduce Young's modulus without decreasing the tensile strength by using the 
above substance as the elastomer, thereby making it possible to certainly improve the heat shock resistance. 

The resin pulley of the present invention may be made by insert-molding the atDOve resin material. In this mode, the 
45 resin pulley of the invention may be made by insert-molding the above resin material on the outer periphery of a metal 
boss. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 FIG. 1 is a front view illustrating the structure of the resin pulley in accordance with one embodiment of the present 
invention. 

FIG. 2 is a cross-sectional view taken in the line 11-11 of FIG. 1. 
DETAILED DESCRIPTION OF THE PR EFERRED EMBODIMENTS 

55 

Hereinafter, the present invention will be explained in detail with reference to the accompanying drawings illustrat- 
ing the preferred embodiment of the present invention. 

First, a molding resin was prepared by adding a silica powder, a glass fiber, a cotton cloth fiber and an elastomer 
(nitrile rubber) to a phenol resin as a base resin, followed by kneading. 
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i. 


Glass fiber (diameter: 13 ^m) 


40.0 % by weight 


n. 


Silica powder (average particle diameter :10 \in\) 


5.0 % by weight 


ill. 


Cotton doth fiber 


5.0 % by weight 


iv. 


Elastomer (rdtriie rubber) 


5.7 % by weight 


V. 


Phenol resin (novolak type) 


balance 



A resin pulley wherein a ring resin pulley body 2 is fit to the outer periphery of a metal boss 1 . as shown in FIG. 1 
and FIG. 2, was obtained by insert-molding the above molding resin. The resin pulley body 2 constituting this resin pul- 
75 ley has the structure wherein the fitting part 3 for fitting to the boss 1 is combined with the outer cylinder part 4 through 
a rib 5, and a groove 6 (FIG. 2) into which a belt is fit is formed on the peripheral part. 

For comparison, a resin pulley was produced by using the foilowings: 

i. molding resin wherein 55 % by weight of a glass fiber is blended in a phenol resin (Comparative Example 1], 
20 ii. molding resin wherein 50 % by weight of a glass fiber and 15 % by weight of an elastomer are blended in a phenol 
resin (Comparative Example 2), and 

iii. molding resin wherein 32 % by weight of a cotton cloth fiber, 10 % by weight of calcium carbonate and 5 % by 
weight of a wood flour are blended in a phenol resin (Comparative Example 3). 

25 A belt attacking property and a wear amount of the resin pulley when using the resin pulley in accordance with the 
embodiment of the present invention (Example) and resin pulleys produced by using the molding resins of Comparative 
Examples 1 , 2 and 3, as a pulley for power steering punp of automobiles, were examined. The results are shown in 
Table 1. 

The belt attacking property in Table 1 is determined by evaluating the degree of damage to a belt by the resin pulley 
30 according to criteria '*large**. "medium" and "small". "Large" indicates that the degree of damage to the belt is large, 
while "small" indicates that the degree of damage to the belt is small. "Medium" indicates that the degree of damage is 
intermediate between "large" and "small". 

The "wear amount of the pulley" indicates an amount of wear (amount of wear formed in radial direction from 
peripheral surface) of the resin pulley body 2 (see FIG. 1 and FIG. 2) formed after testing for 200 hours. 

35 
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Table 1 
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Base resin 


Kind and blend propor- 
tion of filler 


Belt attacking property 


Wear amount o1 
pulley (mm) 




Comparative Example 1 


Phenol resin 


Glass fiber (55.0% by 


Large 


0.30 


10 


Comparative Example 2 


Phenol resin 


Glass fiber (50.0 7o by 

Elastoner(15.0%by 
weiyruj 


Medium 


0.34 


IS 


Comparative Example 3 


Phenol resin 


Cotton cloth fiber (32.0 
% by weight) 

Calcium carbonate 
(10.0% by weight) 


Small 


0.40 


20 






Wood flour (5.0% by 
weight) 








Example 


Phenol resin 


Glass fiber (40.0% by 
weight) 


Small 


0.20 


25 
30 






Powdered silica (5.0 % 
by weight) 

Cotton cloth fiber (5.0 
% by weight) 

Elastomer (5.7 % by 
weight) 







As is apparent from Table 1. in case of Comparative Example 1 using the molding resin containing no elastomer, 
the belt attacking property is large and the wear amount of the pulley is large. Therefore, it is not preferred. In case of 

35 Comparative Example 2 using the molding resin, which contains the elastomer but does not contain the inorganic pow- 
der and organic fiber, the belt attacking property exhibits the degree "medium" but the wear amount of the pulley is 
large. Therefore, it is not prefered. In case of Conparative Example 3 using the molding resin containing the cotton 
cloth fiber, calcium carbonate and wood flour, the belt attacking property becomes small but the wear amount of the pul- 
ley is large. Therefore, it is not preferred. 

40 To the contrary, in case of Example using the molding resin containing the glass fiber, silica powder, cotton cloth 
fiber and elastomer (nitrile rubber), it is found that the belt attacking property is small and the wear amount of the pulley 
becomes small. 

In the above embodiment, the case of using the glass fiber as the inorganic fiber, silica powder as the inorganic 
powder, cotton cloth fiber as the organic fiber and nitrile rubber as the elastomer was explained, however, the respective 
45 fillers are not limited to the above examples. It is possible to use a carbon fiber and a whisker of carbon or potassium 
titanate as the Inorganic fiber. It is also possible to use calcium carbonate as the inorganic powder. In that case, the fun- 
damental effect of the present invention can be obtained. 

In the above embodiment, the case of using the novolak type phenol resin as the phenol resin was explained, how- 
ever, a resol type phenol resin can also be used. 
so Furthermore, the organic fiber is not limited to the cotton cloth fiber, and it is also possible to use cloth tip. aromatic 
polyamide fiber and the like. 

The elastomer is not limited to the above nitrile rubber, and it is possible to use styrene-butadiene rubber, chloro- 
prene rubber, ethylene-propylene rubber and the like. It is also possible to use other substances. 

In the above embodiment the example of a power steering pulley was explained as the resin pulley for automobile 
55 part. The resin pulley of the present invention can also be applied to other pulleys for automobile part, such as tensioner 
pulley, idler pulley and the like, in addition to the above power steering pulley. Furthermore, the resin pulley of the 
present invention is not limited to a pulley for automobile part and can be utilized in other various industrial fields. 

In the above en*>odiment. the example of the resin pulley having the structure wherein the resin pulley body is fit 
to the periphery of the metal boss was explained, however, the present invention is not limited to those wherein the 
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metal boss and resin pulley body are combined. It Is possible to apply to a pulley using a steel roller bearing in place of 
the above metal boss. It is also possible to apply to a pulley whose whole body is made of a resin. In both cases, the 
same effect as that in case of the above embodiment can be obtained. 

The present invention is not limited to the above ent)odiment in other respects, and various applications and mod- 
5 ifications can be made with respect to the blend proportion of the respective fillers, molding method of the resin, etc. 
within the scope of the present invention. 

Claims 

10 1 . A resin pulley comprising a resin material wherein an inorganic fiber, an inorganic powder, an organic fiber and an 
elastomer are blended in a phenol resin. 

2. The pulley according to claim 1 , 

wherein the content of each of the inorganic fiber, the Inorganic powder, the organic fiber and the elastomer in the 
15 resin material Is within the following ranges: 



Inorganic fiber: 


25 - 45% by weight 


inorganic powder: 


3 - 7 % by weight 


Organic fiber: 


3 - 7 % by weight 


Elastomer: 


3 - 10 % by weight. 



25 

3. The pulley according to claim 1 or 2. 

wherein the inorganic f ber is a glass fiber and the inorganic powder is a silica powder and. further, the organic fiber 
is a cotton cloth fiber. 

30 

4. The pulley according to any of claims 1 to 3, 

wherein the inorganic fiber is at least one sort selected from the group consisting of glass fbers. carbon fibres, 
whiskers of carbon and potassium titanate. 

35 5. The pulley according to any of claims 1 to 4. 

wherein the organic fiber is at least one sort selected from the group consisting of cotton cloth fibers, cloth tips and 
aromatic polyamide fibers. 

6. The pulley according to any of claims 1 to 5, 

40 wherein the inorganic powder is at least one sort selected from the grotp consisting of silica powder and calcium 
cartxinate. 

7. The pulley according to any of claims 1 to 6. 

wherein the elastomer is at least one sort selected from the group consisting of nitrile rubber, styrene-butadiene 
45 rubber, chloroprene rutsber and ethylene-propylene rubber. 

8. The pulley according to any of claims 1 to 7, 

wherein the phenol resin is at least one sort selected from the group consisting of novolak type phenol resin and 
resol type phenol resin. 

50 

9. The pulley according to any of claims 1 to 8. 
which is made by insert-molding the resin material. 

1 0. The pulley according to any of claims 1 to 9. 

55 which is made by insert-molding the resin material on the outer periphery of a metal boss. 



6 



EP 0 794 361 A1 



FIG. 1 
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